We review the equation of state for dark energy in modified gravity theories. In particular, we summarize the generic feature of the phantom divide crossing in the past and future in viable f (R) gravity models. To understand the late time acceleration universe 1 , one of the interesting possibilities is to consider a modified gravitational theory, such as f (R) gravity 2 . To build up a viable f (R) gravity model, one needs to satisfy the following conditions: (a) positivity of the effective gravitational coupling, (b) stability of cosmological perturbations 3 , (c) asymptotic behavior to the standard Λ-Cold-Dark-Matter (ΛCDM) model in the large curvature regime, (d) stability of the late-time de Sitter point 4 , (e) constraints from the equivalence principle, and (f) solar-system constraints 5 . Several viable models have been constructed in the literature, such as the following popular ones: 6, 7, 8, 9, 10, 11, 12, 13 
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Recently, the cosmological observational data 14 seems to indicate the crossing of the phantom divide w DE = −1 of the equation of state for dark energy in the near past. To understand such a crossing, many attempts have been made. The most noticeable one is to use a phantom field with a negative kinetic energy term 15 . Clearly, it surfers a serious problem as it is not stable at the quantum level. On the other hand, the crossing of the phantom divide can also be realized in the above viable f (R) models 6, 11, 12, 13, 16 without violating any stability conditions. This is probably the most peculiar character of the modified gravitational models. Other f (R) gravity models with realizing a crossing 17 as well as multiple crossings 18 of the phantom boundary have also been examined.
In this talk, we would like to review equation of state in f (R) gravity. In particular, we show that the viable f (R) models generally exhibit the crossings of the phantom divide in the past as well as future 12,13 .
The action of f (R) gravity with matter is given by
where g is the determinant of the metric tensor g µν , I matter is the action of matter which is assumed to be minimally coupled to gravity, i.e., the action I is written in the Jordan frame, and Υ matter denotes matter fields. Here, we use the standard metric formalism. By taking the variation of the action in Eq. (1) with respect to g µν , one obtains 2
where
Alembertian for a scalar field, and T (matter) µν is the contribution to the energymomentum tensor from all perfect fluids of matter.
From Eq. (2), we obtain the following gravitational field equations:
where H =ȧ/a is the Hubble parameter, the dot denotes the time derivative of ∂/∂t, and ρ M and P M are the energy density and pressure of all perfect fluids of matter, respectively. The equation of state for dark energy is given by
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crit are the density parameters of dark energy and non-relativistic matter (cold dark matter and baryon), respectively. As z decreases (−1 ≤ z −0.90), dark energy becomes much more dominant over non-relativistic matter (Ξ = Ω m /Ω DE 10 −5 ). As a result, one has w DE ≈ w eff ≡ −1 − 2Ḣ/ 3H 2 = P tot /ρ tot , where w eff is the effective equation of state for the universe, and ρ tot ≡ ρ DE + ρ m + ρ r and P tot ≡ P DE + P r are the total energy density and pressure of the universe, respectively. Here, ρ m(r) and P r are the energy density of non-relativistic matter (radiation) and the pressure of radiation, respectively. The physical reason why the crossing of the phantom divide appears in the farther future (−1 ≤ z −0.90) is that the sign ofḢ changes from negative to positive due to the dominance of dark energy over non-relativistic matter. As w DE ≈ w eff in the farther future, w DE oscillates around the phantom divide line w DE = −1 because the sign ofḢ changes and consequently multiple crossings can be realized.
Finally, we mention that in our numerical calculations, we have taken the initial conditions of z 0 = 8.0, 8.0, 3.0 and 3.5 for the models of (i)-(iv) at z = z 0 , respectively, so that RF ′ (z = z 0 ) ∼ 10 −13 with F ′ = dF/dR, to ensure that they can be all close enough to the ΛCDM model with RF ′ = 0. In this talk, we have explored the past and future evolutions of w DE in the viable f (R) gravity models and explicitly shown that the crossings of the phantom divide are the generic feature in these models. We have demonstrated that in the future the sign ofḢ changes from negative to positive due to the dominance of dark energy over non-relativistic matter. This is a common physical phenomena to the existing viable f (R) models and thus it is one of the peculiar properties of f (R) gravity models characterizing the deviation from the ΛCDM model.
